Summary. The far-field displacement amplitude spectra of 14 earthquakes from Iran, Fiji Islands, Tonga-Kermadec Islands, and South America were obtained using the long-period P and S-wave records of the WWSSN stations.
Introduction
It has been fairly well established that energy release in an earthquake takes place through faulting. It is reasonable to assume that the faulting commences in a localized region and spreads at a finite rate to cover the final fault area. This type of source is referred to as an extended source. Efforts to describe the extended seismic source theoretically have resulted in two basic models. The first of these is generally referred to as a dislocation model (Haskell 1964) . The essence of this model is that faulting is determined by the space-time behaviour of displacement on the fault surface. The second model is due to Archambeau (1968) . According to this, failure takes place by a widespread relaxation of the stress within the source volume due to a sudden change in the physical properties of the source region. The amount of energy released and the manner of its release depend in this case on the physical properties of the medium around and within the failure zone, on the rate at which the failure zone grows with time, and on the ultimate dimensions and shape of the zone. An important aspect of Archambeau's model is that the total strained region outside the source volume is of finite extent (Archambeau & Kisslinger 1974) .
Brune (1970) introduced a model based on the concept of effective stress acting on the fault plane. Brune's near-field and far-field displacements are in agreement with those derived from the conventional dislocation models. On the other hand this model is somewhat similar to Archambeau's stress relaxation model since a stress difference is the means of driving displacement on the fault surface. Therefore Brune's model may be viewed as an approximate stress relaxation model developed within the mathematical framework of the dislocation models.
Most earthquake source theories that are based on dislocation models predict that the far-field displacement amplitude spectral density should remain constant at low frequencies and become inversely proportional to some power of frequency at higher frequencies (see Brune 1970; Savage 1972 ). Archambeau's (1968) stress relaxation model is the only seismic source model that has a peak in the long-period part of the far-field displacement amplitude spectrum. Because of the well-known difficulties in obtaining reliable spectral data the observed results do not always show a consistent similarity to one or other of the proposed seismic source models.
It is shown below that (as predicted theoretically by Brune 1970 and Savage 1972 ) the far-field displacement amplitude spectra of body-waves characteristically have (i) a constant amplitude at low frequencies, (ii) a comer frequency, and (iii) a high-frequency asymptote inversely proportional to some power of frequency. We have shown that departures from such a spectral structure are mainly due to noise and propagation path.
A. Zamani and S. A. F. Murrell 2 Determination of the body-wave amplitude spectra
The seismograms were digitized at intervals of A t = 0.4 and 0.5 s, depending on their minute-mark intervals, using a D-mac machine. This machine steps along the time axis at equal increments, and the digital amplitude coordinate was obtained by matching crosswires to the centre of the wave trace.
The digitized P and S-wave pulses were then tapered and Fourier-analysed using a CoolyTukey Fast Fourier Transform. For the convenience of the algorithm used the time series was increased to 2s (= 2048) data points by adding zero-value terms prior to the Fourier transformation.
At frequency fk the amplitude spectral density A m was obtained by correcting the absolute value of the transform I x k I for the response of the recording instrument ( A m s o ) , absorption in the mantle (attenuation, AT(f)), the effect of geometrical spreading (divergence, G(A)), and the free-surface amplification factor (K) for SH-waves, where
where x, is the digital time series (with N data points) and x k is its discrete Fourier transform,
and A m gives the displacement amplitude spectral density of the source at frequency fand at the azimuth of the recording station. The amplitude response of the recording station A I N~ was calculated from the theoretical formula given by Kisslinger (1967) . The anelastic attenuation ATW and the geometrical spreading G(A) of the seismic energy were obtained by using the formulae given by BenMenahem, Smith & Teng (1965) . For numerical calculations of A T 0 and G(A) we used Ritsema's (i-A)curve (Ritsema 1958) which is based on the Jeffreys-Bullen travel-time tables. Theoretically the amplitude of the SH wave at the ground surface is twice the amplitude of the incident wave (Gutenberg 1952; Bullen 1965; Abe 1974 ) consequently the correction factor K for amplification of SH-waves at a free surface was taken as 2.
3 Effects of crustal transfer function and radiation pattern Effects due to the crustal transfer function A , -R (~) , focusing due to rupture propagation and the radiation pattern were removed by averaging the amplitude spectra obtained from different stations for a given event (Leblanc 1967; Brune 1970) . Since for each event the displacement amplitude spectrum was derived as the average from observations in different azimuths, a root-mean-square value has been taken for the radiation pattern of the seismic Table 1 ). Fig. 1 shows the P-wave displacement amplitude spectra for the Fiji-Islands earthquake of 1966 March 17, obtained from ten stations. The shock had a depth of 626 km and a bodywave magnitude of 6.2. We have labelled this event TK6, see Table 1 , and Fig. 3 .
The average of the displacement amplitude spectra of this event is given in Fig. 2 . It can be seen that averaging the spectra produces a smoothed spectrum from which have been removed most of the peaks and troughs which are due to effects associated w i t h rupture propagation and the crustal transfer function.
The effect of radiation pattern can be clearly seen when the long-period level of the spectrum for each station is plotted against station azimuth (Fig. 3) . The P-wave spectra are at a minimum, and the S-wave spectra at a maximum along the strike of the fault plane determined from a first-motion study by Thanvarachorn (1973). There is insufficient data for a more detailed analysis.
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The far-field displacement amplitude spectra of P and SH waves of 14 earthquakes listed in Table 1 from Iran, Fiji-Islands, Tonga-Kermadec Islands, and South America were Figure 2 . Log-log plot of the average of the P-wave spectra shown in Fig. 1. Figute 3. Longperiod level of spectrum for event TK6 (see Table 1 ) observed at 10 different WWSSN stations plotted as a function of station azimuth on an azimuthal great circle projection with epicentre at centre. The concentric circles represent both the spectral level (in cms) and lines of equal epicentral distance. The effect of radiation pattern can be clearly seen. The strike of the fault plane is taken from lhanvarachorn (1973).
calculated. A computer program has been written which performs the reduction of the observed amplitude data to the spectrum at the source. For each event the P and SH-wave spectra were obtained by averaging the spectra from different stations (Fig. 4) . In the case of event SA7 the available S-wave records had low signal-to-noise ratio and therefore only P-wave records were analysed. There is an increase in amplitude at the long-period and short-period ends of the spectra, which can be shown to be due mainly to noise (see below, also Tucker & Brune 1973). There are in addition some peaks and troughs in the spectral structure which are probably also due to noise, together with interference effects arising from rupture propagation and propagation path effects. For example there are broad peaks in the long-period parts of a number of spectra (such as SA8 (P wave) and SA9 (P wave)). Spectral structures such as these have resulted in controversy among seismologists. 
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Figure4. Log-log plots of the average P and S-wave displacement amplitude spectral density as a function of frequency for the 14 earthquakes listed in Table 1 .
NOISE EFFECTS
In order to show the effect of noise in the amplitude spectra an average noise spectrum was obtained from several noise samples taken immediately before the arrival of P waves (Fig. 5) . The spectra were corrected in the same way as the earthquake records. Fig. 5 shows that the I Figure 5 . Log-log plot of the average of the displacement amplitude spectral density as a function of frequency for several noise samples. noise has a peak in the vicinity of the 5s period, which is familiar to seismologists. The position of this peak varies to some extent for each individual record. Apart from this peak there is an increase in the noise amplitude towards the long and short-period ends of the spectrum.
The broad peaks in the vicinity of the 5s period of the P-wave spectra for events SA8 and SA9 can most likely be attributed to noise. It is notable that the signal strength at the longperiod end of these spectra is lower than in any of the other events studied here.
P R O P A G A T I O N EFFECTS
These can be demonstrated by comparing the displacement amplitudes of P and PKP waves. Since PKP rays leave the source almost vertically downward, and hit the crustal layers below the recording station at nearly a right angle, they are less subject to reflection and scattering by local horizontally4ayered structures under the recording station. Fig. 6 compares the P and PKP-wave spectra of the South American earthquake of 1973 October 25 (event SA12). The increase in the PKP-wave amplitude is most likely due to the caustic effect (Shahidi 1968) . It is interesting to note that the amplitude spectrum of the PKP wave at longer periods is much simpler than that of the P wave.
Conclusions
The far-field displacement amplitude spectra obtained in this work characteristically have the simple structure proposed theoretically by Brune (1970) and Savage (1972) . Deviation from this general character can almost always be attributed to noise and to a lesser extent to crustal structure under the receiver.
